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va‘erga/ actic. medicr: /J/ly do we care?

D 90% of” Aczryon/c »MaSS 15 in diffuse 3625
(Persic & Salucci 1992, ﬁzéaﬁiz‘a et al 1995, Cen & Ostriker 1999)

@ L(nA/‘d\Sea/ Info
on malter pocoer
SpeClrir on
/drgeSZ‘ scales

Dark matder: 25%

@ reservorr of
fue! for star and
galaxy Formation

@ ZaM

MeZ‘a/ / /‘CI‘fy
constrans Cthe
cosruc SF

h/‘Sfol‘y

@ /‘hfe/‘p/ay IéM"‘

/’eea’édclé p&(f\f A

constrants on W TN Free ¥/ & Ye: 47
galaxy Formation

rodels Dark enerqy: 207%



ZGM rmass - Dave et a/. 200!

MQS S and MeZ‘a/ fractions evolwtion
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7 Mela/ mass - wiersmra et a/ 2009
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TIGM riass and meta/s

7 Are butl ,é of Che metal »mass does not ¢race Zhe bell ,é of’
Zhe ZGM rmass

metal mass weighted

I G

mass weighted

MO\SZMC&S\SzlAAAlA-ALAAAl-l.lAE:l.AAJ-..L...1.1.1.
-8 -6 -4 =2 O -8 -6 -4 <=2 0
Log n, (cm™) Log ny (cm™)
Z2=0.25
Bertone et al. 2010a (See also tWiersma et a/ 2009,2010)



Oé( Z(/ 1 he

R Trhntroduction:
v OA)LS 51‘/)74(/@%/.0/75

@R Kesw/ts:
v X-—/‘Qy & We/yz/\féfon at z<|
vV what gas does ernssion Zrace?

v depena/encg on /9/7y5 1S



OWLS

Over N/*Ie/mflg/y Large
Simetlations

The OWLS Tearr:
\Toop Sc/mye (PZ, Leiden)
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Craiq Booth (Leiden)
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Freeke Van De Voort (leiden)
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Serena Bertone (UCSC)
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OWLS

@ €74 rens (O 5 0> s, Vd/‘y/‘nﬁ ﬁ/7y\5 ical
prescriplions/ numerics (Schase et al 2010)

@ cosro/ oaz‘ccz/ ﬁydrodyndmfca/ Simtlations: éaalgef 3
@ ren on LOFAKR IBM B/L(egene/l_

@ Zwo man sets: L=25 Mpc /s and L=100 Mpc/
éoXeS

@ /argesf rens’ 2xs12® particl/es
@ evolwlion Fror Z>100 lo 7=2 of Z=0

@ WIMAP3 COSMO/ogy




Neeo p/IyS/‘C’,S n OWLS

@ New cOo//nﬂ roditle (Wiersma, Schaye & Sruth 2009):

v C',oo//ng rales calcwlaled elerient -éy—-e/emenf
V' photo-ionsation Ay e\/o/\//ng 744 éac(/groana/ incleded

Q@ New star formalion (Schase & Dalla Vecchia 2008):

V' Kennmcwtdd—Sc hrnndd SF laco /‘M/?/emeniea/ il hoetd Free
parameters

@ Added c/}emoa’ynaM/CS (tiersma et a/. 2009):

Vol elements Followed explicitly (A, He, Cy N, O, Ne, S, Ms, S,
Ca, Fe)

V' Chabrier IMF
V' SN Za & AGB feedback

@ New> coind riode/ (Dalla Vecctia & Schase 2008)°
V' winds local o the SF evert
v hydroa/ynam/ca/ /A v COap/ ed




R P ®

P/I}/S 1S varations in OWLS

COSMO/Oﬁy-' A)M4pl VS A)M4p3 VS A)/V/4p5
Kelonsalion & YWelitunr reionSation
(Gas cool. /nﬁf /or/mora//a/ abundances vs meta/ a’epena/enZ‘

Star Formation:

V' Zop heary IMF in bursts

V' isothermal & adiabatic oS

V' Schridt lawo normalisation

v Metal/licity—dependent SF thresholds
Feedbac k:

V' no Feedback

v feea’éac,é /‘nz‘enS/fy TGS S /oaa//ng ) inmtial \/e/oc/fy...
V' feedbac k /‘Mp/emeniaf/‘on

V' AGN feedback

Chemodynarncs:

V' Chabrier vs Salpeter IMF

V' SN Za enrichrient

V' AGB mass transter
Schaye et a/ 2010




Ernssion a z<|

Soft X-rass & LV lines



Enission Vis. Hbsorption
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A/ng? (erg em® s7h

Gas cool. /ng rates

‘IO L T LI | T LR | T LI | T LN 10 = T LI | T T """—-
collisiona/ ] /9/70501017/5622(/0/7 e’f
ronmSalion eg. I dens: Z‘y a/epena/enz(
'.'m 10—22
E:
10-22| o
S,
NI
c
10
=
10723 10724 A"/, ; . o
104 104 10° 10°® 107 108
T (K)

Wiersma, Schase & Sruth 2009

Q@ Photo-ionsation by X-ray/ W BK (Haardd & Madace 2000 +
coll /‘5/‘01762/ ronmSalion e?é(/‘/ /‘A/‘/Z(M

@ Coo/fng rates calculaled e/erient Ay element For Il Spec/eé .
lakes into accownt c/mnge\s in Che reladive abiundances



Gas

emzlssiw‘z‘y

R Sanrre
assumptions
as cool /ng
rales

@ W
ernSSvities
/7/:9/%3/‘ ¢han
X —ray ones

Z=0.25

Log,, € (erg cm® s™) Log, € (erg cm® s™)

Log, € (erg cm® s™)

Bertone et a/ 2010a,4
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EnrnssSion at /o redshifE: X —ra/s

100 Mpc/ﬁ boxes 12 X-—ray + ¢ é/\///neé
20 Mpc/ /4 thick slices
53 ) 62/?3&(/ ar resolution

O 8 18.97A z=0.25

]

0

Log,o Sg (photon cm™ s™" sr™)

Berlone et al 2010a



z=0.25 pixel=15 arcsec
.C 520274 -|.C 633.74A | .N 6 29.53A N 7 24.78A

- e . '.“.A’ .

@ OVIIT Strongest

/1 he

@ [fines Fron lower
ronsalion stales and
whose ernSsSvity
pea,é\s a lower ) .
lemperalures Crace Si13 6.648A
Moderczz‘e/y dense
TGM: CV, C VT,
NVII, O VII,

O VIIT and Ne IX

@ Jines Fror /7/:9/%9#
ronSalion Stales

Zrace denser, Hotler N L;;m Sg (photon C_rfz\’ s sr™) ’

g :Xc MV I’Xg IVIII> @ Fe XVIZT emission has different spatial
SX )I Iz, S X\)/ and distribedion than other elements: /ater
Fe XVIT enrichment by SN Ia

Bertone et a/ 2010a



W /1hes

@ C IIZ and C IV
Sfrongeéf lines:
Zrace gas 1
proX/‘M/Z‘y of’

5&/ axies

@ O VI and

Ne \/III Zrace
rmore diffuse gas
¢han C IV -
different spatia/
distribution

@ no esrnssion
Fronr the Aotlest
gas 'n growups

Bertone et al 20104

2=0.25 pixel=15 arcsec
TR % Al S 4 1394A
A st B

1

S

~ v
o

5 12%A

Log,o Sg (photon cm™ s sr™)

WV erission Is a 3000’ Zracer of 3&/ ares
and of m/‘/c//y dense TGM, but not of
TGM in very dense emwironrents




Surface 5/‘{9/72‘ ness PDFs

Log,o flux (photon s™' cm™
o g -6 |
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Log,o Sg (photon s™ cm™ sr™')

(T 2ett/e et a/ 200S)
@ Detection of X—r

inStrument?s: WFL on Zhe
Oééer\/afory ( IXO) and Xenia

C IV and O VI /ines detectable

0 2 4
Log,o Sg (photon s™ cm™ sr™')

lines reouires neco

nlernadional X —ray
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o g —4 )
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wWhat gas produces the erission?

ernsSSion ——welg/ﬁ‘ed parz‘/c/e dIstribetions

EnnsSsion Craces
Moa’erCZZ‘e/y dense
3&5 , not Zhe

Log T (K)

bl oFf the
TIGM rmass and
Mez‘d/ S.

Log T (K)

NN B OO S OO N
Y T T T

Mg12 Si13

-8-6-4-20-8-6-4-20-8-6-4-2 0-8-6-4-20-8-6-4-20-8-6-4-20
Log n, (em™)  Log n, (cm™) Log n, (cm™)  Log n, (cm™)  Log n, (cm™)  Log ny, (cm™)

@ Zhe pea,é fem/?erafare of the 7

ernSSion inCreases with alornc nurmber
ard 1onsation Stale

Log T (K)

@ W > w =
T

@ X —ray ernSSion traces gas enth T 210K

~

@ O VT and Ne VITT ¢race diffuse gas R

@ C I77T,C IV and S IV ¢race the CGM

W » wn =
T

-8 -6 -4 -2 0 -8 -6 -4 -2 0 -8 -6 -4 -2 0
Bef‘ioné’, ef a/ 20'0&)5 LOg N (cm") LOg I (cmq) Log n,, (cm")



II)’IPQCZ‘ o p/IyS 1S

WAl happens chen c/'}angfng Zhe
phyéica/ rode/?



Impact o pASSI1ICS ] X-ra/s
O 8 18.97 z=0.25 pixel=15 arcsec
REF NOSN | "NozcooL

@ so Ffeedback: no metal
Zranéporz‘ =2 Jocalised
ennsSSion

@ /pr/mora//a/ ool "’73 rates:
/ onger cool "’73 dimes
Stronger esrnSSion at
High density (=100
Zimes

R siorertlwurr—driven cornds:

metals more Spread in
ZaGM = weaker
ennssion (R100 Cimes)

@ AGN feedback: weaker
ennSSion 1n dense
regl‘on\f

Bertone et a/ 2010a

Log Sg (photon cm™ s™ sr™')



ﬁmperaf Ure, dens /Z‘y and metall /‘C’//Z‘y

pixel=15 arcsec 2=0,25

3 temperature metallicity

metallicity

0 1 2 3 4 3 4 3 6 7 -3 -2 -1 0 1
LoG1g £/ Pmeon Logys T (K) Logig Z/Zpm

7778 S paf /‘a/ drs fr/‘AL(Z‘/‘Oh of Z‘/}e enrNnSSion ref/ectds
Chose of Che gas Z‘emperaf Ure, dens 17 % and metall /‘C/Z(y




Pressure VS. morerlurr—drivern cornds

Differences in esrnssion reflect re/ddive differences
in Star formalion Aistory and metal enricArent

Lookback time (Gyr)
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[T :
n
0.001 Ao
0 1 2 3 4 586789
V Redshift

Schayse et a/ 2010
©  Fewer Stars

c St ronger Ffeedback in /arge haloes

° More a)/‘a/eSPreaa/ metal enric hhnent




No SN feea/éaC’/é & CLoo//nﬁ rates

@ NOSN:
° /\/o 5/\/
feedbac k.
* More stars,
: , . no meta/
T.OOO E | L | | | | | | | | | | | E zrah\spori’
: REF -
e NOZCOOL — — — — i
o NOSN —mmm ] @ NOZCOO/L:
— P REEE | NOSNSNQE?OOL e
é_ 0.100 -~ ° cooling rates
: - for Y+Ye
S on/y (no
i metals).
~ 0.010 -
i | °  Fewer Stars.
0.001

Sc/vaye et a/ 2010

Redshift



AGN f’eea/édc%
@ AGN:

° less gas COO//ng in Centres of
/ arger haloes

o Fewer Stars.
Lookback time (Gyr)
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Cosro/ Oﬁ}/

@ MILL:
o WMAA CLO\SMO/Ogy.

* More stars, structures more evolved.

@ sWIMLy:
. Sfronger Ffeedback ( 250).

© Fewer Stars.
Lookback time (Gyr;

012345867 8 9 10 11 1 13
1‘OOO:II T T T T T T T T T T T E
- MLL — — — —
WML4 —-—-—-— ]
REF 4

GIMIC ----------=-

0.100 e A

SFR (M, yr~' Mpc™)

0.010 -

0001 | | | | | |

7

L= 1 11111

Redshift

Sc/mye et
al 2010




Summary LS
R Dense coo/ 3&5 in Che haloes of 3@/ axies 15 Craced A}/ :
© W lines: C ITI,C IV, Si IV
@R Low a/enS/Z‘y WA TM gas in £llaments 1s traced Ay :
o W lines: O VI, Ne VIIT
* X-ray lines from He-like cdoms: C V, O VII, Ne IX

* X—ray lines From Y-like alors with low alornc ruribers:
C VI, OVIIT

@ Dense Aot gas in clusters and growps 15 traced Ay-‘
* X-ray lines From Fully ionsed atoms: O VIIT, Ne X..

c X —ray [ines Ffronrr elerientds cwith /7/5/7 ddornc numbers:
M3 XIZ, Si XIIZT etc.

R Detection of 4 >‘/I/V/ enySSion 5}/ el ire Z‘e/eSClopeS .
. c/zd//engz‘ng in low density region\s
© very likely in groups and cluster outskirts



